SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :ACTUATION MECH=FBED FMEA NO 03-48 -203 ~2 =XEV:03/02/89
ASSEMBLY :PBD ACTUATION CRIT. FUNC: 1R
F/N RI IMCLE2-0008=0004, -0034 CRIT. HDW: 2
P/N VENDOR:181650«1 CURTISS-WRIGHT VEHICLE 102 103 104
QUANTITY :4 EFFECTIVITY: X X X

12 PER DOOR ASSEMBLY PHASE(S): PL Lo 00 ¥ bo  Is

EFDUNDANCY SCREEN: A-PASS B-FAIL C=Fass

PREPARED BY: APPROVED RY: APFROVED BY (NAZA):

DES M. A, ALLEN  DES —y.. o@7A5. 35M oL PR ;

RET, M. B. MOSKOWITZ REL BZH .7 72

QE W. J. SMITH QF rpo A S 7_ !.F” !
i

ITEM:
HMOTOR, ACTUATOR ORIVE

FUNCTION:
TO PROVIDE POWER, THROUSH DIFFERENTIAL GEARING, FOR TRANSMISSTON TO THE
POWER CORIVE SHAFT FOR DEPLOYING THE PAYLOAD BAY DOCRES TO POSITION,

FATLURE MODE:
BRAKE FAILS TU ENGAGE

CAOSE(S):
ADVERSE TOLERANCES/WEAR, CONTAMINATION,FOREIGN OBJECT/DEBRIS, DEFECTIVE
PART/MATERTAL OR MANUFACTURING DEFECT, FAILURE/DEFLECTION OF INTERNAL
PART .

EFFECTS ON: )
(A} SUBSYSTEM (B)INTERFACES (C)}MISSION (D)CREW/VEHICLE

(A,B,C} NO EFFECT.

(D} IF ASSOCIATED MOTOR FAILS, REDUNDANT MOTOR WILL BACKDRIVE THROUGH
BRAKE CAUSING 1OSS OF ACTUATOR CUTPUT TURQUE AND FAILURE TO OPEN OR CLOSE
PAYLOAD BAY DOOR. POSSIBLE L0OSS OF CREW/VEHICLE IF PAYLOAD BAY DOCRS
CANNOT BE CLOSED.

FALLS REDUNDANCY SCREEN "B" SINCE NORMAL PROCEDURES INCLUDE LUAL MOTOR
OFERATION, .

DISPOSTITION & RATTONALE: '
{A)DESIGN (B)TEST {C)INSPECTION (C}FATLORE AISTORY (E)OPERATIONAT USE

(A) DESIGN
MOTOR I8 ENCLOSED TO PREVENT CONTAMINATION, ULTIMATE LOAD IS 1.4 TIMES
LIMIT LOAD, MATERIALS CHOSEN T MINIMIZE WEAR AND DREVENT PARTICLE
CONTAMINATION. DESIGN OF THE ACTUATION SYSTEM PERMITS PARTIAL WORKAROUND
oF SECOND TATLURE (SEE EFFECTS) BY EXTRAVEHICULAR ACTTVITY (EVA) CREW IF
PAYLOAD DOES NOT LIMIT ACCESS.
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(B} TEST
QUALTFTCATION TESTS: THE QUALIFICATION DRIVE SYSTEM IS CERTIFIED PER COR-
29-162~000&=0001E AND THE QUALIFICATION ACTUATION MECHANISM INSTALLATION
CERTIFIED PER CR-29-554125-001G. TEE DRIVE SYSTEM QUALIFICATION TEST -
INCLUDES: HUMIDITY TEST - FER MIL-STD-210F METHOD 507 PRUCEDURE IV,
CYCLE PDU DURING SECOND AND FOURTH EUMIDITY CYCLE: QUALTIFICATION
VIBRATION TEST (QAVT) = 20 TO 2,000 HZ RANGE WITH MAXTMUM OF 0.067 g¢,/HE
FROM 80 TO 350 BZ FOR 2 1/2 MINUTES/AXTS TN ACCORDANCE WITH SP=T=0023B,
MCHNITOR ELECTRICAL CONTINUITY DURING VIERATION: FLIGHT VIBRATION - 20 T0
2,000 HZ RANGE WITH MAX OF Q.03 go/EZ FROM 100 TO 250 HZ FOR 4.5 MINUTES/
AXIS LEVEL ®A™, AND 0.008 g</HZ FROM 100 TO 250 HZ FOR 94 MINUTES/ANIS
LEVEL "BY; SHOCK TEST - BASIC DESIGN SHOCK PER MIL-STD-810B METHCD 516.1,
FPROCEDURE I AND TRANSIENT SHOCK AT 5 TO 35 HZ +/- 0.25 g PEAK.

QUAL TESTS AISO INCIUODE: TEERMAL VACUUM TEST = THERMALLY CYCLED 8 TIMES
EETWEEN -100 DEG F AND +157 DEG F AT A VACUUM QF 1 X 10 -6 TORR FOR 55
HOURS, DRIVE SYSTEM CYCLED AT EACH -55 DEG F AND +157 DEG F; THERMAL
CYCLING TEST = CYCIED 5 TIMES BETWEEN -100 DEZ F AND +340 DEZ F WITH
CRIVE SYSTEM CYCTED AT EACH =100 DEG P AND +157 DEG F WITH £0 MINUTES
DWELL AT EACH TEMPERATORE EXTREME: QPERATING LIFE TEST — DRIVE SYSTIM
CICLED 1,800 TIMES AT ROOM TEMPERATURE, IWCLUDES MOTOR 1 AND 2 CYCLED 150
TIMES EACH INDIVIDUALLY WITHIN 126 SECOWDS/STROKE AND 1,500 TIMES WITH
BOTH MOTCRS DRIVIHNG TOCETHER WITHIW 51 SEQONDS/STROKE:; MECHAHICAL STOFS
TEST - 100 TIMES WITH BOTH MOTORS IWNTO HARD STDP IN EACH DIRECTICN AT NoO
LOADS ) STIFFNESS TEST -~ MEASURED EPRING EATE OF ROTARY ACTUATOR, TORQUE
SHAFT, PDU AND SHAPFT HANGER = GREATER THAW 0.5 X 10 =5 INCH=LB/RADIAN AT
ROTARY ACTUATUR ARM); POWER CONSUMPTION TEST, IRREVERSIBILITY TEST,
FREEPLAY TEST WAS E€ONDOCTED AS DETINED IN THE ACCEPTANCE TESTS.

CERTIFICATION BY ANALYSTS/SIMITARTTY INCLUDED: FUNGUS, OZONE, PACRAGING,
LINIT/ULTIMATE LOAD, ACCELIFRATTION, LANDING SHOCK, SYSTEM STIFFNESS,
TEMPERATURES, HUMIDITY, LIFE, FRESSURE, SHOCK AND VIBRATION FOR ITEMS OF
LRIVE SYSTEM NOT TESTED. THE PBD ACTUATING MECHANISM INSTALIATICN WAS
SUBTECTED TO JYSTEM QUALIFICATION TESTS ON THE 1% FOCOT PED TEST ARTICLES
[G87) AND ON A 60 FOOT TEST RIG, TESTS INCLUDED: ACCEPTANCE - TO CONFIRM
ALL COMPONERTS HAVE BEEN ASSEMELED AND RIGGED PER ML0O308=0032 OM THRER
TEST SPECIMENS.

TESTS O TCRWARD 15 PQOT PANEL INCIUDED: ORBITAL FUNCITIONS — 3 THERMAL
CONDITIONS WITH SIMULATED THERMAL DISTORTIONS OF THE FORWARD BULKHEAD AND
THE LH AND RH LONGERON SILLS, 2 MOTOR COFERATIONS 22 CYSLES AT LESS THAN
63 SECONDS PER STRCKE, EACH MOTOR OPERATION 3 CYCLES AT LESS THAN 124
SECONDS/STROKE FOR EACH OF THE 3 ORBITAL FUNCTIOHNS QPERATING LIFE TESTS
= PRD MECHANISM CYCLED 93 TIMES, 55 TIMES WITH TWO MOTOR OFERATION AND

13 TIMES WITH SINGLE MCTICR OPERATIONS; ACOUSYIC TEST - 25 HEZ To 8,000 HZ
FOR 5 MINUTES. ) ’
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TESTS ON AFT 15 FUQT PANET, INCLUDED: OREITAL FUNCTIONS = 3 THERMATL
CONDITIONS WITH SIMULATED THERMAL DISTORTIONS OF THE AFT BULZHEAD AND THE
Lil AND RH LONGERON SILL, 2 MOTCR OFERATIONS 27 COYCOLES AT LESS THAN 63
SECONDI/STROKE, EACH MOTOR OFERATION 3 CYOLES AT LESS THAN 124

- SECONDS/STROEE FOR BACH OF THE 3 ORBITAL FUNCTIONS ; CPERATING LIFE TESTS
= MECHANISM CYCLED 241 TIMES 203 TIMES WITHE TWO MOTOR ODPERATION AND 12
TIMES WITH SINGLE MOTCR QPERATIONS; ACOUSTIC TEST - 25 HZ TC &,000 HZ
FOR 5 MINUTES.

TE3TS ON 50 FOOT TEST RIG INCLUDED: AMBIENT CYCLIYG ~ 3 THERMAL
CONDITIONS WITH THERMAL DISTORTIONS OF THE STLL LTONGERON, 2 MOTOR
OPERATIONS 23 CTYCLES AT LESS THAN &2 SECONDS/STROKE; 10 WITHQUT
DISTORTION SIMULATION: EACH SINGLE MOTOR OFERATION 3 WITHECUT CISTORTION
AND € WITH DISTORTION AT LES3 THAN 116 SECONDS/STRCRE; TEMPERATURE
CYICLING - 3 THERMAL CONDITIONS WITH THERMAL DISTCRTIONS QF THE SILL
LONGERON, 2 MOTOR OPFERATIONS 22 CYCLES AT =42 DEQ P AT LESS THAN 53
SECONDS/STROFE; 19 WITHOUT OISTORTION SIMULATION, EACH SINGLE MQTOR
OPERATICN 3 WITHOUT DISTORTION SIMULATION AND WITH DISTORTION AT LESS
THAN 126 SECONDS/STROKE AT =42 DEC Fr OBRBITAL FUNCTIONAL TEST ~ REFEAT
THE ABOVE AMBIENT AND =42 DEG F TESTS FOB A TOTAL OF B30 MECHANISM
CYCTLES, CERTIFICATION BY ANALYSIS/STMTLARITY INCLODES FUNGUS, OZ0ME,
PACFAGING, THERMAL/VACUUM, SALT SPRAY, ACOUSTIC, SHOCK, LIMIT/ULTIMATE
LOADS, ACCELERATION, SAND/DUST AND MARGIN OF SAFETY.

ACCEPTANCE TEST: TESTS ON THE Mc152-0008 COMPONENTS INCLUDES:
EXAMINATION OF FRCDUCT - WEIGHY, WORFMANSHIP, DIMENSIONS, CONSTRUCTICN,
CLEANTINESS, FINISH, IDENTIFICATION, MARKINGS, TRACEABILITY AND USE OF
CERTIFIED MATERIALS AND PRUCESSES: ACCEPTANCE VIERATION (AVT) - 20 TS
4,000 HZ RANGE WITH MAXIMUM OF 0.04 gszE FROM B0 TO 350 EZ FOR 30
SECONDS/AXIS MINIMUM, ETECTRIGAL CONTINUITY MONITORED DURING THESTS AND
FDU CYCLED BEFORE AND APFTER VIERATION: ACCEPTANCE THERMAIL, TEST (ATT) =
THERMALLY CYCLED FROM +70 DEG F TO +320 LDEG F, TO +157 DEG ?, TO =80 DEG
F, TO +320 DEG P, TO +1%57 DEG F, TG 70 DEG F WITH CONTINUITY MONITORED
THROUGHCUT, PDU WAS &YCLED & TIMES AT EACH +157 DEG F AND & TIMES AT -G89
LEG P AT LESS THAN %3 SECONDS/STRORKE TWQ MOTOR QPERATIONS AND 126
SECONDS /STROKE SINGLE MAOTOR QPERATIONS; FOWER CUNSUMPTION TESTS =INPUT
PCWER MAX OF 450 WATTS/MOTOR AT RATED LOAD AND SINGLE MOTOR TIME QF 134
SECONDS/STROKE AND 63 SECONDS/BTROKE DUAL MOTOR CPERATION; INSULATION
RESTSTANCE, DIELECTRIC STRENGTE - PER MF0004=002 EXCEPT TEST VOLTACE WAS

REVERSING TCRQUE ON EACH ACTUATOR: ACTUATCR STALY - CONTINUOUS ETALL FOR
126 SECONDS AT FULL INVERTOR FOWER 120 YOLTZ AC.
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ACCEPTANCE TESTS ALSC INCLUDE: IRREVERSIBILITY TEST - §50 INCH-LB AT PDU
OUTFUT SHAFT: TRAVEL LIMIT TEST - ACTUATOR STOPPED BY LIMIT SWITCIES AND
EY HARD ATUPS WITH SWITCHES DEENERGIZED; MANUAL OPERATIONS - LESS THAN
100 INCHE-LE TORQUE TO ENGAGE AND DISENCASE THE PDU; BACKDRIVE - FORCE AT
ACTUATOR OUTPUT ARM ROD ATTACH POINT LESS THANM 150 DPQUNDS; TQRQUE LIMITS
- ROTARY ACTUATOR QUTPUT LIMITS AT ROOM AMBIENT ARE &,300 TO B,950 INCH-
1B, OOTPUT LIMTTS AT +157 DEG F AND =65 DEG F ARE 6,300 TO 10,000 INCH-
LE: FROOF LOAD TESTS - 3/4 ©.D. DRIVE SHAFTS TESTED TO 325 INCH-LB AND
1.0 0.D. DRIVE SHAFTS TESTED TQ 630 INCH=LB; TRICTION TORQUE TEST -
TORQUE ON SHAFT SUPPORT IS LESS THAN 1.0 INCH-LB. EACH TORQUE EHAFT IS
PROCF LOADED DURING ACCEPTANCE. :

HMRED: GROUND TURNAROUND INCLUDES SINGLE MOTOR FUNCTIONAL TESTS IN BaTH
DIRECTIGONS VERIFY INTEGRITY OF INDIVIDUAL BRANE OFERATICH. SINGLE MOTOR
COPERATION MAXIMUM OPERATING TIME I 124 SECONDS.

{C} INSPECTION

RECETVING INSFECTLION .

MATERIAL CERTIFICATION VERIFIED BY RECEIVING INSPECTLION. SUPPLIER AND

SUEPLIER PERSONNEL CERTIFIED TO PERFORM SURFACE FINISH. ALL PURCHASED

PARTS DATR PACKAGRS INSPECTED BY RECEIVING INSPECTION.

CONTAMINATICH CONTROL B
. HEARINGS INSPFECTED FRIOR TG INSTALLATION FOR ¢¢HTAHIHAIIGH. CETAIL PARTS

AREZ CLEANED TO A 3040 LEVEL AT SUPPLIER. SUPPLIER CONTAMINATION CONTROL

AND CORRCSION PROTECTICH PROVISICNS VERIFIED BY INSPECTION.

ASSEMBLY /INSTALLATION

REARING LUBRICATION AND SEAL INSTALLATION VERIFIED BY INSPECTION., ALL
MACHTNED PARTS ARE DEBURRED AND VERIFIED BY INSPECTION. INSTALLATION
PROCECURE VERIFIED BY INSPECTION. DCAS MANDATORY INSPECTION POINTS
(MIPS) IMPQSED ON MANUFACTURING, INSTALLATION, AND ASSEMALY OF ACTUATORS.

CRITICAL PROCESSES
ENCAPSULATION OF MOTOR WINDINGS IS VERIFIED BY INSPECTION.

TESTIING
ATPE oF PDU VERIFIED 2Y IMNSPECTION.

HANDLING/PACKAGI N
HANDLING AND PACKAGING REQUIREMENTS VERIFIED BY INSPECTION.

(D) FAILORE HISTORY
THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FATLURES ASSOCIATED WITHE THIS FATILURE MQODE.

(E} CPERATICHAL USE
FOLLOWING SECOND FAILURE, EVA WORKAROUND IS POSSIELE TC CLOSE DOOR.




